Abstract. The present model describes the vibrational analysis of skew (parallelogram) plate made up of non-homogeneous material with variable thickness and temperature on clamped edges. One dimensional thickness and two-dimensional temperature variation is taken into consideration. The non-homogeneity of the plate varies circular in one dimension. The governing differential equation of motion for vibration analysis is solved by using Rayleigh Ritz technique and time period is calculated for the combination of different variation of plate parameters. The obtained results are presented in tabular form.
Introduction
Non-homogeneous plate with variable thickness is widely used in structural applications because of their high strength, light weight, and having higher stiffness. Therefore, in order to make good structural applications, it is required to study vibration characteristics of such plates. Many researchers have been worked in this direction and applied various method to solve vibration problem.
Ritz variational method [1] is applied to solve vibration problems of skew plates on different edge conditions and natural frequencies, modes shape is obtained for side ratio and skew angle. Natural vibration of skew plates [2] is presented on eight edge conditions by using the new version of differential quadrature method (DQM). Vibrational analysis of several laminated composite doubly-curved shells, singly-curved shells and plates with variable thickness is analyzed using generalized differential quadrature (GDQ) method [3] . Differential quadrature method (DQM) is used to study the effects of thickness-to-length ratio, volume fraction index, temperature, geometrical shape, and the boundary conditions on the frequency parameters of the functionally graded (FG) quadrilateral plates [4] . The vibrational characteristics of the functionally graded (FG) quadrilateral microplates [5] are investigated by using modified strain gradient theory (MSGT) on different boundary conditions. Free vibration analysis of functionally graded (FG) rectangular plates [6] on simply supported and clamped edge conditions under temperature field is studied and natural frequencies are obtained by Ritz method. Vibrational analysis of two types of functionally graded material (FGM) sandwich plates [7] with nonlinear temperature variation along with thickness is presented by using finite element (layer wise) formulation. Vibration of skew plates [8] with large skew angle is studied by using moving least square Ritz (MLS-Ritz) method and the results are obtained for rhombic plates on various edge conditions. Free vibration analysis of thin laminated skew plates [9] on clamped edges is investigated by using finite strip transition matrix method. Free vibration of rectangular and skew multilayered plate [10] are presented by using variable-kinematic Ritz method on different boundary conditions and evaluated convergence and accuracy of method. The transverse vibrations of skew plates [11] with variable thickness on different combinations of boundary conditions is presented by using Rayleigh Ritz method. The finite strip method [12] is employed to study the free vibration of skew orthotropic plates, with two opposite edges simply supported and the other two edges are free.
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Vibrational of non-homogeneous skew plate [13] with varying thicknesses and temperature is analyzed by using Rayleigh Ritz technique. Natural frequency of skew plate [14] with variation in thickness and Poisson's ratio is studied by using Rayleigh Ritz method. A model is analyzed to study the vibration of tapered skew plate [15] on clamped edges using Rayleigh Ritz method. Free vibrational analysis of non-homogeneous parallelogram plate [16] with two dimensional circular variations in thickness along with temperature is studied using classical plate theory (CPT). Vibrational analysis of tapered square plate [17] with linear variation in density and bi linear variation in temperature is described using Rayleigh Ritz technique. Effect of plate parameters on time period of rectangular plate is studied in [18] using Rayleigh Ritz technique.
In this study, we computed time period of skew plate on clamped edges under different variation of parameters and results are presented in tabular form.
Analysis
Consider a thin parallelogram plate made up of non-homogeneous material with skew angle as shown in Fig. 1 referred to skew coordinates ′ = − tan , ′ = sec . The expression for maximum kinetic energy and strain energy in skew coordinates is:
where, = 12(1 − ) ⁄ is flexural rigidity, here , and are Young's modulus, thickness and Poisson's ratio of the plate.
Construction of problem
Consider a parallelogram plate of length and breadth with linear variation in thickness and circular variation in density and Poisson's ratio as:
where , (0 ≤ ≤ 1) is tapering parameter of the plate and , (0 ≤ , < 1) is non-homogeneity parameters.
The two-dimensional steady temperature variation is considered as:
where and are the temperature on the plate at any point and at the origin respectively. The temperature dependent modulus of elasticity is:
where is the Young's modulus at = 0 and is slope of variation. Substituting Eq. (4) in Eq. (5) we get:
where , (0 ≤ < 1) is called thermal gradient. On using Eqs. (3) and (6), Eqs.
(1) and (2), becomes:
= 24 cos
where Λ = 1 − 1 − and Υ = .
It is also considered that parallelogram plate is clamped along all the four edges. Therefore, boundary conditions are:
The deflection function which satisfy Eq. (9) is represented by:
where Ω and Ω are arbitrary constants.
Solution of model for time period
Rayleigh Ritz technique (i.e., maximum strain energy must equal to maximum kinetic energy ) is applied to obtain solution of the model. Therefore, we must have:
Using Eqs. (7) and (8), Eq. (11) becomes:
where:
here = 12 ⁄ is frequency parameter. Eq. (12) consists of two unknown constants Ω and Ω . These two unknowns could be calculated as:
After simplifying Eq. (13) we get:
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To obtain frequency equation, the determinant of coefficient matrix of Eq. (14) must zero:
where coefficients , = , comprises plate parameters and frequency parameter ( ). Time period of vibration is calculated as:
where is frequency obtained from Eq. (15).
Results and discussion
Time period (in seconds) for vibrational frequency of non-homogeneous and non-uniform parallelogram plate is calculated on different variation of plate parameters (taper constant , thermal gradient , non-homogeneity constants , and skew angle ) and presented with the help of tables.
Time period for three different values of thermal gradient and non homogeneity constants , i.e., = = = 0.2,0.4,0.6 is presented in Table 1 , corresponding to taper constant . Table 1 conclude that increasing in taper constant results the decreasing in time period for all the three cases mentioned in Table 1 . On the other aspect, increasing in combined value of thermal gradient and non-homogeneity constants , results the increasing in time period. Time period for three different value of taper constant and non homogeneity constants , i.e., = = = 0.2,0.4,0.6 tabulated in Table 2 with respect to thermal gradient . Here, increasing in thermal gradient implies the increasing in time period and increasing in combined value of taper constant and non homogeneity constants , results the decreasing in time period. Time period for three different value of thermal gradient and tapering constant i.e., = = 0.2,0.4,0.6 is tabulated in Table 3 corresponding to simultaneous variation in non-homogeneity constants , . Here also increasing in non-homogeneity constants , results the increase in time period for all the three value of thermal gradient and tapering constant but wih less rate of increment. Also increasing in combined value of thermal gradient 1 1 and tapering constant results the decrease in the time period.
Time period for three different values of thermal gradient , taper constant and non-homogeneity constants , i.e., = = = = 0.2,0.4,0.6 is accommodated in Table 4 corresponding to skew angle . Increasing in skew angle as well as in the combined value of thermal gradient , taper constant and non-homogeneity constants , , results the decrease in time period. The rate of decrement with increasing value of skew angle is very high in comparison to rate of decrement with the combined increasing value of other plate parameters. 
Conclusions
Present model provides time period of parallelogram plate on different variation of plate parameters. From the results discussion, we conclude that increasing in taper constant and skew angle , results the decrease in time period as shown in Tables 1 and Table 4 . But increasing in thermal gradient and non-homogeneity constants (simultaneous variation) , , results the increase in time period as shown in Tables 2 and Table 3 . The present model provides a good appropriate data for time period of frequency which will be helpful for structural design.
